AN AIRBAG SYSTEM FOR A VEHICLE 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[001] This application claims priority of Korean Application No. 

10-2003-0045289, filed on July 4, 2003, the disclosure of which is 
incorporated fully herein by reference. 

FIELD OF THE INVENTION 

[002] The present invention relates to an airbag system for a vehicle, and more 

particularly, to an airbag system having a seat belt warning function. 

BACKGROUND OF THE INVENTION 

[003] A so-called advanced airbag system detects whether a passenger seat is 

occupied by a passenger and whether a driver seat belt and a passenger seat belt are 
latched or not, in order to improve the protection of the driver and passenger. 
[004] In such an advanced airbag system, when the seat belt is not latched, an 

airbag control unit sends a corresponding signal to a body control unit. Then, the body 
control unit controls operation of a warning lamp and a warning buzzer. The 
conventional advanced airbag system includes a driver seat belt warning lamp, and a 
passenger seat belt warning lamp. 

[005] In order to control the operation of the driver seat belt warning lamp and 

the passenger seat belt warning lamp, the body control unit must receive signals 
indicative of information on whether the driver seat belt and the passenger seat belt are 
latched. The body control unit receives a signal, which represents information on 
whether the passenger seat belt is latched, from the airbag control unit. That is, the 
airbag control unit receives a signal that represents whether the passenger seat belt is 
latched from a passenger seat belt sensor, and it outputs a corresponding signal to the 
body control unit. The signal outputted to the body control unit from the airbag control 
unit is an on/off signal according to the state of the passenger seat belt. Therefore, even 
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when a line connecting the airbag control unit and the body control unit is disconnected 
or is shorted, the body control unit does not detect that there are such errors. 
[006] Furthermore, the body control unit cannot use the signal of a driver seat 

belt sensor that is connected to the airbag control unit, because of a signal inadequacy. 
Therefore, the body control unit receives a signal that indicates whether the driver seat 
belt is latched from a separate driver seat belt buckle switch. 

[007] The information disclosed in this Background of the Invention section is 

only for enhancement of understanding of the background of the invention and should 
not be taken as an acknowledgement or any form of suggestion that this information 
forms the prior art that is already known to a person skilled in the art. 

SUMMARY OF THE INVENTION 

[008] Embodiments of the present invention provide an airbag system in which 

an airbag control unit generates a pulse width modulation signal based on a signal from 
a driver seat belt sensor, a signal from a passenger seat belt sensor, and a signal of a 
passenger occupation detection unit. A body control unit receives the pulse width 
modulation signal from the airbag control unit and controls a driver seat belt warning 
lamp and a passenger seat belt warning lamp using the pulse width modulation signal so 
that the airbag system can effectively deal with errors and can operate without a 
separate driver seat belt buckle switch that detects whether a driver seat belt is latched. 
[009] In a preferred embodiment of the present invention, an airbag system 

comprises a driver airbag module, a passenger airbag module, a driver seat belt sensor, a 
passenger occupation detection unit, a driver seat belt warning device, a passenger seat 
belt warning system, a first control unit, and a second control unit. The driver seat belt 
sensor detects whether a driver seat belt is latched or not. The passenger seat belt sensor 
detects whether a passenger seat belt is latched or not. The passenger occupation 
detection unit detects whether a passenger seat is occupied by a passenger or not. The 
driver seat belt warning device warns of an unlatched state of the driver seat belt. The 
passenger seat belt warning device warns of an unlatched state of the passenger seat belt. 
The first control unit controlling the driver airbag module and the passenger airbag 
module, and it is configured to receive information on whether the driver seat belt is 
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latched, information on whether the passenger seat is occupied by the passenger, and 
information on whether the passenger seat belt is latched. The first control unit 
generates a belt condition signal based on the received information. The second control 
unit receives the belt condition signal from the first control unit, and it controls 
operations of the driver seat belt warning device and the passenger seat belt warning 
device, based on the belt condition signal. 

[0010] It is preferable that the belt condition signal generated by the first control 

unit is a pulse width modulation signal. 

[0011] It is further preferable that a duty ratio of the pulse width modulation 

signal varies according to the information on whether the driver seat belt is latched, the 
information on whether the passenger seat is occupied by the passenger, and the 
information on whether the passenger seat belt is latched. 
[0012] It is still further preferable that the duty ratio of the pulse width 

modulation signal generated by the first control unit is one of first, second, third, and 
fourth predetermined duty ratios. The duty ratio of the pulse width modulation signal is 
the first predetermined duty ratio if the driver seat belt is latched, and if the passenger 
seat is not occupied by the passenger or the passenger seat belt is latched. The duty ratio 
of the pulse width modulation signal is the second predetermined duty ratio if the driver 
seat belt is unlatched, and if the passenger seat is not occupied by the passenger or the 
passenger seat belt is latched. The duty ratio of the pulse width modulation signal is the 
third predetermined duty ratio if the drive seat belt is latched, and if the passenger seat 
is occupied by the passenger and the passenger seat belt is unlatched. The duty ratio of 
the pulse width modulation signal is the fourth predetermined duty ratio if the drive seat 
belt is unlatched, and if the passenger seat is occupied by the passenger and the 
passenger seat belt is unlatched. 

[0013] Preferably, if the duty ratio of the pulse width modulation signal 

generated by the first control unit is the first predetermined duty ratio, the second 
control unit controls both of the driver seat belt warning device and the passenger seat 
belt warning device to not operate. 

[0014] Preferably, if the duty ratio of the pulse width modulation signal 

generated by the first control unit is the second predetermined duty ratio, the second 
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control unit controls the driver seat belt warning device to operate and the passenger 
seat belt warning device to not operate. 

[0015] Preferably, if the duty ratio of the pulse width modulation signal 

generated by the first control unit is the third predetermined duty ratio, the second 
control unit controls the driver seat belt warning device to not operate and the passenger 
seat belt warning device to operate. 

[0016] Preferably, if the duty ratio of the pulse width modulation signal 

generated by the first control unit is the fourth predetermined duty ratio, the second 
control unit controls both of the driver seat belt warning device and the passenger seat 
belt warning device to operate. 

[0017] It is preferable that the airbag system further comprises a seat belt 

warning buzzer that is controlled by the second control unit according to the belt 
condition signal. 

[0018] It is also preferable that each of the driver seat belt warning device and 

the passenger seat belt warning device is a warning lamp. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The accompanying drawings, which are incorporated in and constitute a 

part of the specification, illustrate an embodiment of the invention, and, together with 
the description, serve to explain the principles of the invention, where: 
[0020] FIG. 1 is a schematic diagram of an airbag system according to a 

preferred embodiment of the present invention; and 

[0021] FIG. 2 shows pulse width modulation signals generated by an airbag 

control unit of the airbag system of FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0022] Hereinafter, a preferred embodiment of the present invention will be 

described in detail with reference to the accompanying drawings. 
[0023] As shown in FIG. 1, an airbag system 1 1 according to a preferred 

embodiment of the present invention includes a driver airbag module 13 that is disposed 
in front of a driver seat of a vehicle, a passenger airbag module 15 that is disposed in 



4 



front of a passenger seat of the vehicle, and an airbag control unit 17 for controlling 
operations of the driver airbag module 13 and the passenger airbag module 15. The 
airbag control unit 17 controls the driver airbag module 13 and the passenger airbag 
module 15 based on information provided by various sensors (not shown) of the vehicle. 
The airbag control unit 17 may comprise a processor and associated hardware as may be 
selected and programmed by a person of ordinary skill in the art based on the teachings 
of the present invention. 

[0024] The airbag system 1 1 according to a preferred embodiment of the present 

invention further includes a driver seat belt pre-tensioner 19, a driver seat belt buckle 
pre-tensioner 21, a passenger seat belt pre-tensioner 23, and a passenger seat belt buckle 
pre-tensioner 25. Pre-tensi oners are devices for protecting seat occupants more safely 
when airbags are deployed. 

[0025] A driver seat belt sensor 27 detects whether a driver seat belt 29 is 

latched or not, and outputs a corresponding signal to the airbag control unit 17. A 
passenger seat belt sensor 3 1 detects whether a passenger sear belt 33 is latched or not, 
and outputs a corresponding signal to the airbag control unit 17. 

[0026] The driver seat belt 27 and the passenger seat belt sensor 31 can be a hall 

sensor that is disposed inside a buckle of a seat belt. The hall sensor, which is well 
known in the art, detects whether the seat belt buckle is coupled or not using a hall 
effect of a hall IC. Other suitable sensors may be selected by a person of ordinary skill 
in the art. 

[0027] A passenger occupation detection unit 35 detects whether a passenger 

seat is occupied by a passenger, and outputs a corresponding signal to the airbag control 
unit 17. The passenger occupation detection unit 35 may include a pressure sensor (not 
shown) that is disposed inside the passenger seat. Such passenger occupation detection 
system is well known in the art. 

[0028] The airbag control unit 17 can obtain information on whether the driver 

seat belt 29 is latched, whether the passenger seat is occupied by a passenger, and 
whether the passenger seat belt 33 is latched, based on signals input from the driver seat 
belt sensor 27, the passenger seat belt sensor 31, and the passenger occupation detection 
unit 35. The airbag control unit 17 generates a seat belt condition signal based on the 
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information on whether the driver seat belt 29 is latched, whether the passenger seat is 
occupied by a passenger, and whether the passenger seat belt 33 is latched. 
[0029] In an airbag system 1 1 according to a preferred embodiment of the 

present invention, the seat belt condition signal generated by the airbag control unit 17 
is a pulse width modulation (PWM) signal. A pulse width modulation is just one 
suitable method for encoding an analog signal into a digital signal. PWM signal 
includes a series of square waves having a specific duty ratio (%). The duty ratio of the 
PWM signal is a ratio of on-time with respect to a period of the signal. Therefore, the 
airbag control unit 17 includes a PWM signal generating circuit. The PWM signal 
generating circuit is well known in the art. 

[0030] The airbag control unit 17 regulates the duty ratio of the PWM signal, 

based on information on whether the driver seat belt 29 is latched, whether the 
passenger seat is occupied by a passenger, and whether the passenger seat belt 33 is 
latched. 

[0031] The airbag system 1 1 according to a preferred embodiment of the present 

invention further includes a driver seat belt warning lamp 37 and a passenger seat belt 
warning lamp 39. The driver seat belt warning lamp 37 is a device for warning a driver 
of an unlatched state of the driver seat belt 29, and the passenger seat belt warning lamp 
39 is a device for warning a passenger or a driver of an unlatched state of the passenger 
seat belt 33 when the passenger seat is occupied by a passenger. Instead of the warning 
lamps, any warning device such as a speaker outputting audio signals can be used. 
[0032] Furthermore, the airbag system 1 1 according to a preferred embodiment 

of the present invention may further comprise a seat belt warning buzzer 41 for warning 
a driver of a passenger an unlatched state of the driver seat belt 29 or an unlatched state 
of the passenger seat belt 33 when the passenger seat is occupied by a passenger. 
[0033] Operations of the driver seat belt warning lamp 37, the passenger seat 

belt warning lamp 39, and the seat belt warning buzzer 41 are controlled by a body 
control unit 43. The body control unit 43 receives the PWM signal from the airbag 
control unit 17, and it controls the driver seat belt warning lamp 37, the passenger set 
belt warning lamp 3.9, and the seat belt warning buzzer 41, based on the duty ratio of the 
received PWM signal. The body control unit 43 may comprise a processor and 
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associated hardware as may be selected and programmed by a person of ordinary skill in 
the art based on the teachings of the present invention. 

[0034] Operation of the driver seat belt warning lamp 37, the passenger seat belt 

warning lamp 39, and the seat belt warning buzzer 41 are controlled according to the 
states of the driver seat belt 29 and the passenger seat belt 33 and whether the passenger 
seat is occupied by a passenger. 

[0035] The driver seat belt warning lamp 37 is controlled to operate (illuminate) 

in a case when the driver seat belt 29 is not latched, the passenger seat belt warning 
lamp 39 is controlled to operate (illuminate) in a case when the passenger seat belt 33 is 
not latched while the passenger seat is occupied by a passenger, and the seat belt 
warning buzzer 41 is controlled to operate when at least one of the driver seat belt 
warning lamp 37 and the passenger seat belt warning lamp 39 is controlled to operate. 
[0036] If the driver seat belt 29 is latched and if the passenger seat is not 

occupied by a passenger or the passenger seat belt 33 is latched (case 1), both of the 
driver seat belt warning lamp 37 and the passenger seat belt warning lamp 39 are 
controlled to not operate. 

[0037] If the driver seat belt 29 is unlatched and if the passenger seat is not 

occupied by a passenger of the passenger seat belt 33 is latched (case 2), the driver seat 
belt warning lamp 37 is controlled to operate and the passenger seat belt warning lamp 
39 is controlled to not operate. 

[0038] If the driver seat belt 29 is latched and if the passenger seat belt 33 is 

unlatched while the passenger seat is occupied by a passenger (case 3), the drive seat 
belt warning lamp 37 is controlled to not operate and the passenger seat belt warning 
lamp 39 is controlled to operate. 

[0039] If the driver seat belt 29 is unlatched and if the passenger seat belt 33 is 

unlatched while the passenger seat is occupied by a passenger (case 4), both of the 
driver seat belt warning lamp 37 and the passenger seat belt warning lamp 39 are 
controlled to operate. Accordingly, the seat belt warning buzzer 41 is controlled to 
operate in case 2, case 3, and case 4. 

[0040] As shown in FIG. 2, the duty ratios (%) of the PWM signals generated by 

the airbag control unit 17 vary according to case 1, case 2, case 3, and case 4. For 
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example, the duty ratio of the PWM signal can be 20% for the case 1, 40% for the case 
2, 60% for the case 3, and 80% for the case 4. 

[0041] The body control unit 43 controls the operation of the driver seat belt 

warning lamp 37, the passenger seat belt warning lamp 39, and the seat belt warning 
buzzer 41, based on the duty ratio of the PWM signal input from the airbag control unit 
17. For example, if the duty ratio of the PWM signal is 20%, the body control unit 43 
controls both of the driver seat belt warning lamp 37 and the passenger seat belt 
warning lamp 39 to not operate. 

[0042] If the duty ratio of the PWM signal is 40%, the body control unit 43 

controls the driver seat belt warning lamp 37 to operate and the passenger seat belt 
warning lamp 39 to not operate. 

[0043] If the duty ratio of the PWM signal is 60%, the body control unit 43 

controls the driver seat belt warning lamp 37 to not operate and the passenger seat belt 
warning lamp 39 to operate. 

[0044] If the duty ratio of the PWM signal is 80%, the body control unit 43 

controls both of the driver seat belt warning lamp 37 and the passenger seat belt 
warning lamp 39 to not operate. 

[0045] Accordingly, if the duty ratio of the PWM signal is 40%, 60%, or 80%, 

the body control unit 43 controls the seat belt warning buzzer 41 to operate. 
[0046] When the duty ratio of the PWM signal is 100% or 0%, the body control 

unit 43 determines that there is a disconnection of a line or a ground connection. In this 
case, the body control unit 43 performs a suitable operation (for example, an output of 
an error message). 

[0047] Although preferred embodiments of the present invention have been 

described in detail hereinabove, it should be clearly understood that many variations 
and/or modifications of the basic inventive concepts herein taught which may appear to 
those skilled in the present art will still fall within the spirit and scope of the present 
invention, as defined in the appended claims. 

[0048] According to the embodiment of the present invention, the body control 

unit can determine whether the driver seat belt is latched or not and whether the 
passenger seat belt is latched or not, without a driver seat belt switch, using the seat belt 
condition signal of the airbag control unit. 
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[0049] Furthermore, the airbag control unit generates the PWM signal the duty 

ratio of which varies according to the states of the driver seat belt and the passenger seat 
belt, and the body control unit receives the PWM signals, so that the body control unit 
can easily detects errors of the system. 
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